Objective-To evaluate a programme introducing quality improvement (QI) in nursing education.
Pre-qualification health professional students must be prepared for the challenges they will meet during their practical training and when they are qualified. There is an expectation that clinical professional staV will participate in quality improvement (QI) work including Key messages + Groups of second year nursing students on the same ward were each assigned to follow one patient during a day's work, recording processes of care from the patient's perspective and identifying aspects of practice that could be improved. + The groups agreed on an area that could be improved and produced flow charts, cause/eVect diagrams, and outlines of quality goals using structure, process, and results criteria to describe the improvements. + The students attended a 2 day theoretical introductory course in QI and a questionnaire was completed before and after the course to evaluate the students' understanding of quality improvement (QI). + The students had a significantly better knowledge of QI after the course and as a result of the group work than before it. + All groups demonstrated knowledge and ability to apply tools and techniques related to QI.
clinical audit, quality assurance, and risk management clinical governance (interview with E Haugland, CEO, Haukeland University Hospital, as part of a seminar on Quality Improvement in Health Education presented to the administrative staV and teachers at Bergen College, May 1998). It is therefore important that, in the course of their training, they acquire the knowledge and skills to enable them to carry out QI work. All improvement presupposes change. Learning the skills of QI through undergraduate education should be the starting point for a lifelong process of experience based learning that allows healthcare professionals-by the application of the relevant concepts, knowledge, and skill-to change and improve practice. Students all acquire the basic knowledge and skills needed to become skilled health professionals. In addition, they should develop the attitudes to service delivery and professional practice-including continuous development-expected of professional practitioners. However, for continuous QI, health professionals need to combine their professional knowledge with knowledge about processes of care and the techniques of QI, as described by Batalden and Stoltz. 1 The particular "improvement knowledge" needed for improving health care has been divided into eight knowledge domains:
(1) Health care as a process and system: the interdependent people, procedures, activities, and technologies of caregiving that come together to meet the needs of individuals and communities. (2) Variation and measurement: the use of measurement to understand the variation across and within systems to improve the design and redesign of health care. (3) Customer/beneficiary knowledge: identification of the person, persons, or groups of persons for whom health care is provided or may be provided in the future, an understanding of their needs and preferences, and the relationship of health care to those needs and preferences. (4) Leading, following, and making changes in health care: the methods and skills for designing and testing change in complex organisational caregiving arrangements, including the general and strategic management of people and the healthcare work they do in organisations. Such activities include a general understanding of healthcare financing, information technology, the roles of diVerent professional individuals in daily healthcare giving and the development of a supportive internal organisational climate for working, learning, and caring. (5) Collaboration: the knowledge, methods, and skills needed to work eVectively in groups, to understand and value the perspectives and responsibilities of others, and the capacity to foster the same in others including an understanding of the implications of such work. (6) Social context and accountability: an understanding of the social contexts of healthcare giving and the way that expectations arising from them are made explicit. This specifically includes an understanding of the financial impact and costs of health care.
(7) Developing new, locally useful knowledge: the recognition of the need for new knowledge in personal daily health professional practice and the skill to develop new knowledge through empirical testing. (8) Professional subject matter: the health professional knowledge appropriate for a specific discipline and the ability to apply and connect it to all of the above. 2 In most pre-qualification courses there is little opportunity for healthcare students to learn about the skills and knowledge relevant to QI. While all qualified healthcare professionals will have acquired appropriate professional knowledge, most will not be familiar with the knowledge, concepts, and skills to allow them to take part actively in QI work. To address this gap in skills and knowledge that we believe is essential for good professional practice, we developed a pilot programme in 1999 for second year nursing students at Betanien College of Nursing, Bergen, as part of their practical experience, that allowed them to gain knowledge and skills for improvement through a focus on patient experiences and the The National Strategy for Quality Improvement in Health Care 3 was published in 1995 by the Norwegian Ministry of Health and Social AVairs and the Board of Health with the motto "You don't have to be bad to get better" and placed learning the skills for quality improvement within the educational framework for healthcare professionals (box 2). In response to this a group representing hospitals and colleges in Bergen developed a programme integrating the philosophy and methodology of continuous quality improvement into the syllabus of healthcare students. 4 5 The programme describes the objectives, the approach, and the teacher's role in six learning environments: + Personal improvement projects + Training wards + Observation practice + Clinical studies + Cross-educational projects + Thesis writing. "Educational institutions play a part in giving healthcare personnel knowledge and skills, and they influence attitudes. Training in quality improvement must therefore be an integral part of education of healthcare personnel, and should be incorporated into both undergraduate and postgraduate education. The educational framework must ensure that healthcare personnel gain knowledge about the concepts and methods employed in quality improvement, enabling them to oVer and document quality in their own services". processes of care. This was in line with the educational framework outlined in the 1995 Norwegian National Strategy for Quality Improvement in Health Care (boxes 1 and 2).
We wanted students to identify areas for improvement from the patient's perspective. In other parts of the course students quickly become familiar with assessing their own knowledge and how to acquire necessary information through problem-based learning, an approach to learning established here in 1995. Our assumptions at the start of this project were, firstly, that, while working on the wards, students would identify problems and, by trying to resolve them, would realise that they needed more knowledge and tools to implement improvement; and, secondly, that this would motivate them to learn about the theory and methods of QI.
We were keen to learn how much students benefited from this programme. This paper assessed (1) students' knowledge of QI before and after the project, (2) their perception of its usefulness, and (3) their acquisition of knowledge, concepts, tools, and techniques relevant to continuous QI and their ability to apply them to a specific situation in a hospital setting.
Intervention
The intervention (table 1) began with a 1 hour classroom based introduction just before the start of clinical practice. The students were informed of the project and were told what to do on the ward. At this stage there was no discussion of the theory of QI. During the following 10 weeks, in the second term of their second year, the students completed their practical tasks in groups while based on medical or surgical wards or at outpatient clinics. The students working on the same ward constituted one work group. Each group chose, with their supervisors, a patient whom they followed closely for one shift each. Students were instructed to review and record all the processes of care from their patient's perspective. Where appropriate and depending on the patient's condition, the observational data were supplemented with information derived from conversation with the patient. Students collected data and described the patient's experience of waiting, receiving information, all their interactions with hospital staV, and details of all contacts, tests and procedures. Table 2 shows the issues the students were asked to address in their field notes. They were asked to ensure patient anonymity. Each patient was informed about the project and asked if they were willing to be the subject of the student's project. The students were also told to consider how care could be improved as they recorded the processes of care experienced by their patients. They were asked to keep these anonymous notes until they finished the 10 week clinical practice period. Back in college the students had a 2 day theoretical introductory course in QI. Following this, working in their ward groups, students produced flow charts to identify areas of possible improvements and cause/eVect diagrams and defined goals using structure, process, and results criteria that related to the wards and clinics where they had been working. Each group wrote a final report to be approved by their teachers. Table 3 summarises the tasks the groups were to address.
Students were directed to "Quality development in health care. A textbook for health profession students" 6 as a guideline. This book includes descriptions of concepts, tools, and techniques for continuous QI. Table 3 Content of reports
(1) Field notes from all the shifts (made anonymously) (2) Summary of the reflections made at the end of each shift with regard to areas where the quality of care could be improved or assured (3) Description or evaluation of the experiences the group made after closely following one patient: did you learn more of what it is like to be a patient? (4) Flow chart depicting what the patient went through when observed by the students (5) Cause/eVect diagram related to the area chosen for quality improvement (6) Quality goal with structure, process, and result criteria related to the area chosen for improvement (7) Evaluation of the entire process including addressing the following questions:
+ What was useful? + What have they learned? + What could have been done diVerently with respect to the care giving? + Recommendations for further projects?
Methods
The study took place between January and June 1999. Fifty two nursing students from one second year class participated in the programme within their usual hospital based practical studies.
DESIGN
The eVectiveness of the intervention was assessed using a specifically designed questionnaire administered to students before and after the 2 week session including the theoretical introduction course and working in groups. Each student served as his or her own control. Reports written by groups were used to evaluate both the group work and to determine how well students had learned to apply tools and techniques to specific situations in a hospital setting.
QUESTIONNAIRE
A questionnaire developed specifically for this study was used to assess the benefits of the course and to determine the extent to which the course objectives had been reached. Students were informed about the questionnaire and were given time to complete the first part just before the start of the theoretical introduction course. They were then instructed to keep the questionnaire themselves until the project was completed and their reports were approved, and then to fill in the second part of it. The first part of the questionnaire assessed how the students rated their knowledge in relation to the concepts of QI, whether they were aware of current QI projects on the wards where they had worked, the extent to which they considered knowledge of QI relevant to their later career, whether they had learned anything new by closely following one patient for one shift, and their views on the usefulness of the knowledge of patients' experience gained from the project. The second part of the questionnaire was completed 2 weeks later when they had finished the group project and delivered their reports to their teachers. This part included an assessment of their knowledge of QI, the usefulness of the theoretical introduction course and of working in groups and writing the reports, how strongly they would recommend this project to other students, and their views on the importance of nurses having knowledge of QI. The students were asked to rate their knowledge as excellent (5), very good (4), good (3), fair (2), or poor (1). The response options to all other questions were measured on a visual analogue scale marked with five numerical scale points. At each extreme were written statements representing the opposite extreme responses ranging from "to a small extent" (1) to "to a large extent" (5) . In some of the questions the students could add comments. The questionnaires were anonymous.
REPORTS
The 52 students were divided into 16 clinical practice groups of 2-4 students. They brought their own individual reports of their experiences of following one patient for a shift. In college, working in their groups, the individual data were discussed and transformed into a single report of the patient on the ward. The group then had to choose one problem from their report and, together, make a flow chart, analyse the causes and eVects of the problem area, and construct a cause/eVect diagram. Students had to agree on the goal for QI and on the strategies to use to reach the goal. In the 2 week period in which they were working and writing up their reports each group received three 1 hour tutorials. The content requirement for the reports included field notes, reflections and problem areas, experiences by following one patient, flow charts, cause/eVect diagrams, quality goals with structure, process and result criteria (using a worksheet adapted from the Royal College of Nursing Standard of Care Projects), and a group evaluation of the entire process including the usefulness, what they had learned, what could be changed, and recommendations for future projects (table 3) .
DATA ANALYSIS
Data were coded in accordance with the above description and analysed using SPSS 9.0 for Windows. Some students, instead of circling a number, made a cross between two numbers. To increase the reliability of the results such responses were coded as, for instance, 4.5 and were not assigned to a whole number. Statistical analysis included frequency, mean values, and the Student's two tailed t test. The data contained in the group reports were used to evaluate how students used the diVerent tools and techniques in a specific situation. Three factors were compared: (1) the problem chosen; (2) application of the diVerent tools and techniques (flow chart, cause/eVect diagram, and quality goal using structure, process, and result criteria); and (3) group evaluation of the entire process.
APPROVAL
Both the college dean and the head nurses in the hospitals involved approved the project. Throughout the planning the teachers and nurses involved in the students' clinical education were kept informed of the project to enable them to be able to supervise the students appropriately.
Results

QUESTIONNAIRE
Thirty eight students (73%) returned both parts of the questionnaire; 58% indicated that they knew the meaning of the concepts of QI before the introductory course. When asked if they knew of any current QI projects in which the nurses in the ward were involved, 27% said they didn't, 27% said they did, and 46% didn't know. Thus, about half of the students did not know the concepts of QI well enough to determine whether there were current QI projects on the wards before the theoretical introductory course.
Before the course the students estimated their own knowledge of QI as "fair", and this had risen to "good" by the end of the coursefrom a mean (SD) value of 2.0 (0.9), range 1-4 to a mean (SD) of 3.1 (0.6), range 2-4. The diVerence between values at the start and the end of the project was statistically significant when analysed by a paired sample t test (t = -8. 2, p<0.001; fig 1) .
Before the introductory course and group work, most students indicated that they considered the topic highly relevant for their later career (mean value 4.2). Students reported that it was "quite useful" to observe one patient throughout one shift (mean value 3.0) and "to some extent" they learned something new (mean value 2.8). They found the introductory course (mean 4.0) and working in groups (mean 3.7) useful to a "large extent". Most students thought the programme should be included in the curriculum for other nursing students (mean 4.0). The students considered it "important" for nurses in general to have knowledge about QI (mean 4.3), indicating that they perceived it to be highly relevant to the course (table 4) .
REPORTS
All 16 groups delivered reports of their group work which were approved by the tutors. The results from the reports are presented in the three categories: problem chosen, ability to apply the diVerent tools and techniques, and group evaluation. The work of one group is presented in figs 2, 3, and 4.
Problem chosen
Field notes were used as the basis on which the groups had agreed on and chose one problem area to improve. The following areas were chosen: insuYcient information-that is, information given to patients not meeting their perceived needs (n=10 groups); waiting time (n=2); planned operations cancelled because of inadequate preparation by staV (n=2); inadequate pain relief (n=1), and inadequate premises for outpatient care (n=1).
Ability to apply diVerent tools and techniques
Each group made a flow chart of the processes relating to the patient; nine depicted the entire process in the chosen period; six described the entire process but focused in more detail on the specific problem area, and one focused only on a specific problem area. Figure 2 shows a flow chart that outlines a process of pain treatment.
The students analysed the chosen problem using a cause/eVect diagram describing the problem and the possible causes. Figure 3 shows a cause/eVect diagram describing the circumstances of a patient who has to wait too long for pain relief.
All the groups formulated quality goals and indicated how they planned to achieve these using structure, process, and result criteria. Figure 4 shows an example of the criteria needed to ensure that a patient receives adequate postoperative pain relief.
Evaluation
In the group evaluations all the groups concluded that working with this project had been very useful. The students reported that they understood the importance of focusing on QI. They found the knowledge meaningful and planned to use it in their work as registered nurses. They particularly found it both interesting and relevant to focus on the process from the patient's perspective and contrasted this with the "usual" emphasis of nurses and other health professionals on specific procedures. By mapping the patient's process the students discovered that lack of cooperation between the diVerent health professionals increases waiting time for the patients. Many of the groups identified more clearly defined responsibilities and better routines as areas for improvement. Several groups emphasised the importance of understanding the terminology and concepts of QI which made them more confident in the hospital setting. They also commented that working with projects in a clinical setting using real problems and patients was particularly meaningful, and felt that they could never achieve the same level of learning in a classroom setting. Ten of the groups commented that they would prefer a theoretical introduction course before the clinical practice.
Discussion
The students had a significantly better knowledge of QI after the theoretical introduction course and group work than before it, and most students indicated that they considered the topic highly relevant for their later career. They reported that it was quite useful to observe one To what extent the students found it useful to follow one patient through one shift patient throughout one shift and, to some extent, they learned something new. The students found the introduction course and working in groups to be useful, and most thought that the programme should be included in the curriculum for other nursing students. They considered it important for nurses in general to have knowledge about QI, indicating that they perceived the course to be highly relevant.
All 16 groups delivered reports of their group work which were approved by their tutors. Thirty eight of the 52 students returned the questionnaire, a lower response rate than expected, which was probably due to unclear instructions to the four teachers involved in the project. As the semester ended after the project, and since the questionnaires were anonymous, we did not send out reminders.
The students found the topic relevant even before the introductory course, probably because of the current interest in the quality of health care by the press and the public interest in QI. Nearly half did not know if there were any ongoing QI projects on their wards, possibly because they did not know what type of projects can be considered to be related to QI or because the nurses informed the students about ward projects without using the concepts of QI. In our experience, a lot of nurses working in practice are not familiar with QI terminology and tools.
Ten of the groups would have preferred to do the introductory course before observing the patients as they felt frustrated because they did not understand the rationale behind mapping the patient's process. However, it was our intention that students should track the patients' process and make notes with an open mind. They were given short instructions about observing the patient, with special emphasis on noting procedures applied to the patient, patient's contact with staV, information given to the patient, and waiting and delays experienced by the patient. Our hypothesis was that, through this experience, students would discover the need to learn more and be motivated to deal with the theory underpinning thinking in QI. However, from the feedback the faculty is inclined to reconsider this part of the programme and to include some theoretical introduction before they embark on the observation exercise in the clinics. Next year's evaluation should show whether introducing students to some of some concepts of QI before they gain practical experience is more eVective.
All groups had the knowledge and ability to apply the tools and techniques in their practical studies in a hospital setting. The students made flow charts and defined a problem, described the causes of the problem by a cause/eVect diagram, and suggested solutions by describing quality goals using structure, process, and result criteria. This project emphasised the planning stage of the plan-do-study-act (PDSA) cycle. They did not implement the plan in practice. Students learnt about this cycle in the theoretical part of the programme with examples of techniques and tools they could use, and they used a textbook example as a guideline. 6 Our experience from teaching about these tools is that students in general find it helpful to visualise their work. A programme for teaching continuous QI to medical students created at Dartmouth Medical School in the USA aims to provide students with an active learning experience and education in the theory and application of continuous QI. Working in groups of two, students identified an area of improvement within a practice, assisted the practice in formulating an improvement plan, helped to implement that Figure 4 Example of quality improvement goal using structure, process, and result criteria. The patient is satisfied with postoperative pain treatment Quality improvement and pre-qualification nursing students
